The aim of the present experiment was to investigate differences between persons who stutter and persons who do not stutter during the production of sentences in a single task versus two dual-task conditions. Participants were required to form a sentence containing 2 unrelated nouns. In dual-task conditions, rhyme and category decisions were used as secondary tasks. The results for 14 adults who stutter and 16 adults who do not stutter are reported. Dependent variables were the number of correct rhyme and category decisions, decision latencies, length, number of propositions, sentence latency, speech rate of sentences, disfluencies, and stuttering rates. The results indicated that both groups reduced the average number of correct rhyme and category decisions when this task was performed concurrently with sentence generation and production. Similarly, the 2 groups of participants did not differ with respect to the correctness and latency of their decisions. Under single-task conditions the sentences of both groups had a comparable number of propositions. But under dual-as compared with singletask conditions persons who stutter significantly reduced the number of propositions whereas persons who do not stutter did not show a significant dual-versus single-task contrast. Experimental conditions did not significantly influence stuttering rates. These results suggest that persons who stutter require more processing capacity for sentence generation and articulation than persons who do not stutter and that both groups keep stuttering rates at a constant level by adjusting the number of propositional units of their linguistic productions. The results support the view that the organization of the speech-production system of persons who stutter makes it more vulnerable to interference from concurrent attention-demanding semantic tasks.
tiological factors of stuttering can be roughly categorized into problems with motor control of speech movements on the one hand (for overviews, see Kent, 2000; Peters, Hulstijn, & van Lieshout, 2000) and into difficulties in linguistic planning and coding on the other hand (Bernstein Ratner, 1997; Karniol, 1995; Perkins, Kent, & Curlee, 1991; Postma & Kolk, 1993 . In recent years it has become increasingly clear that "... planning for speech-language production is as much if not more so related to stuttering than execution..." (Conture, 2000, p. 9) . There are empirical and theoretical reasons to assume that the probability of stuttering is positively related to the processing demands involved in speech planning. Such a relationship between processing demands and stuttering has been found for children (Bernstein Ratner & Sih, 1987; Kadi-Hanifi & Howell, 1992; Logan & Conture, 1995; Melnick & Conture, 2000; Rommel, 2001; Yaruss, 1999) and adults (Bosshardt, 1995; Jayaram, 1984 ; but see also Silverman & Bernstein Ratner, 1997) . Similarly, it has been found that the probability of stuttering is also related to word length and other phonological and phonetic indicators of articulatory difficulty (Howell, AuYeung, & Sackin, 2000; Wingate, 1988) . However, the evidence provided by these studies is weakened by difficulties in determining the processing demands of particular utterances or linguistic units independently of stuttering probability. Dual-task experiments, by contrast, allow the experimenter to induce additional processing loads and to observe their effects on stuttering and other parameters of speech.
In the present experiment a dual-task methodology was used to test the assumption that stuttering results from an overload of the speech-planning system. Unfortunately, however, in earlier dual-task studies only nonverbal tasks were used as secondary tasks (pursuit tracking: Arends, Povel, & Kolk, 1988, and Thompson, 1985; finger tapping: Brutten & Trotter, 1985 , 1986 , and Sussman, 1982  gross-motor task: Kamhi & McOsker, 1982) . When speaking under these secondary-task conditions speech fluency remained largely unchanged. Only Arends et al. (1988) found less disfluency when talking while performing a tracking task than when speaking under single-task conditions. These results, however, are limited by the fact that these nonverbal tasks overload limited-capacity attentive control but probably not the language-specific components of the cognitive processing system that are used for speech production (see Bosshardt, 1999) . In the present sentence-production experiment, therefore, verbal secondary tasks were used in order to overload those subsystems that are specifically relevant for sentence generation and production.
Expectations about the effects of secondary tasks on sentence content and speech fluency can be derived from speech-production theories. In modern theories of speech production it is generally assumed that oral speech is generated at multiple levels (e.g., conceptual planning; semantic, syntactic, and phonological encoding and articulation, see Bock, 1995; Bock & Levelt, 1994; Bosshardt, in press; Garrett, 1990; Herrmann & Grabowski, 1994; Levelt, 1989) and that processing at some of these levels must be performed relatively automatically to eliminate or minimize attentional demands and interference from concurrent processes in other parts of the system (Bock, 1982; Herrmann & Grabowski, 1994) . In theories of speech production (and perception) the duality of automatic and attention-demanding subprocesses is generally accepted and seems to have a neurophysiological basis (e.g., Goldman-Eisler, 1968; Jorm, 1986; Rochon, Walters, & Caplan, 2000) .
Dual-task experiments with nonstuttering speakers (Jou & Harris, 1992; Power, 1985; Rummer, 1996) suggest that the generation of ideas and semantic content are attention-demanding activities whereas syntactic, phonological, and articulatory processes do not seem to be affected by secondary tasks. Given these results, Gathercole and Baddeley (1993) concluded that the central executive system as a limited-capacity system is involved in semantic and lexical planning because it coordinates the information flow between different processing levels.
There exist several indications that a competition between speech-related subprocesses may also be involved in the development of stuttering. It was found that in comparison with nonstuttering children, stuttering children show deficits in tests of lexical, syntactical, phonological, and phonetic abilities (Anderson & Conture, 2000; Bernstein Ratner, & Sih, 1987; Howell et al., 1999 Howell et al., , 2000 Kadi-Hanifi & Howell, 1992; Melnick & Conture, 2000; Ryan, 1992; Wingate, 1988) . Lack of automaticity is only one possible explanation of tradeoff relationships in the efficiency of different domains of functioning. Another interpretation is based on the assumption that the integration of linguistic information demands more attentive control when one of the subprocesses involved in speech planning is below the efficiency level of other components.
There are some indications that in adults the efficiency of phonological (Postma & Kolk, 1993 Wingate, 1988) and of semantic coding (Bosshardt, 1993; Bosshardt & Fransen, 1996; Wingate, 1988 ) is lower in persons who stutter than in persons who do not stutter. For the present context it is important to note that processing difficulties at any level increase attentional processing demands at the central executive level. This increase can occur either because the deficient subprocess can be performed only under attentive control or because the integration of linguistic information needs more attention-demanding replanning and corrections.
In a previous experiment (Bosshardt, 1999) it was observed that when continuous word repetition was performed concurrently with a mental calculation task, both stuttering and nonstuttering persons, as groups, significantly increased the number of disfluently repeated words. A subgroup of stuttering persons, however, who under single-task conditions were comparable to the other participants, showed an extreme increase in the number of disfluencies under dual-task conditions. Because word repetitions can be considered to be highly automatic, this task presumably is rather resistant to interference from higher level cognitive processes, which may explain the variable performance among the stuttering group. It was expected, therefore, that more pronounced interference effects could be demonstrated in a less automatized sentence-production task. With this understanding a sentence-production task was used as primary task and cognitive continuous decisions as secondary tasks, which required the subjects to encode semantic (category task) or phonological (rhyme task) information, to store and retrieve this information, and to make response decisions.
One set of expectations about the possible effects of these two secondary tasks on sentence-production performance can be based on the assumptions that both tasks impose processing loads on the central limitedcapacity system (Baddeley, 1996; Gathercole & Baddeley, 1993) and that this system is the only source of interference between the tasks. With this perspective it can be expected that under dual-as opposed to single-task conditions the sentences will be semantically less elaborate regardless of the nature of the secondary task (cf. Power, 1985) . Because rhyme and category decisions presumably interfere with sentence planning it can also be expected that the latency of sentence production will be longer under dual-than under single-task conditions. Alternatively, it is possible that final segments of sentences are planned while their first segments are being articulated (Ferreira, 1991 (Ferreira, , 1993 Lindsley, 1975) . If so, one would predict that sentence latency will not be affected by the single-or dual-task differences. Finally, it is also possible that overt sentence production (phonological coding and articulation) interferes with planning of later sentence segments. Under this assumption it was predicted that dual-as compared with single-task conditions will result in sentences that are produced more disfluently.
Another set of expectations can be developed under the assumption that rhyme and category decisions each impose different demands on the processing system. The decision latencies for the category decision task may be longer than those for the rhyme decision task because nouns can be categorized semantically in multiple ways. Therefore, it is possible that several categories have to be retrieved before a decision about the category relationship between two nouns can be made. In contrast, rhyming decisions may take comparatively less time because phonological information is encoded only once. Given these assumptions it can be expected that the category decision task will have more pronounced effects on the semantic sentence content and the latency of sentence production than the rhyme task. Generalizing from Goldman-Eisler's (1968) findings that pauses are positively related to the amount of semantic and conceptual planning it also could be expected that sentences would be produced with more pauses and a lower speech rate under category than under rhyme decisions.
A third set of expectations about differences between the two secondary tasks can be derived from the fact that they are based on the storage and processing of qualitatively different codes. Storage and processing of a phonological code used in rhyme decisions may interfere with the oral production of the sentence more than semantic processing used in category decisions. On the basis of Postma and Kolk's (1993) theory, it can be expected that concurrent phonological encoding, which is required for the rhyme decisions and sentence production but not for the category decisions, would interfere with fluent sentence production by increasing stuttering. Because category decisions are based on semantic processing it could be predicted that category decisions will create interference within the semantic system, thereby increasing the more "typical" disfluencies (Yaruss, 1998) and hesitancies related to sentence planning and correction phenomena (e.g., pauses, revisions).
A fourth and final set of expectations is related to performance differences between persons who stutter and persons who do not stutter. There are some indications that the efficiency of phonological (Perkins et al., 1991; Postma & Kolk, 1993 and of semantic coding (Bosshardt, 1993; Bosshardt & Fransen, 1996; Wingate, 1988 ) is lower in persons who stutter than in persons who do not stutter. This led to one of the aims of the present study, which was to investigate whether rhyme and category decisions as secondary tasks differentially affect sentences produced by persons who do and do not stutter. The predictions that can be derived from this assumption depend on whether both groups produced sentences that impose comparable processing load on the speech-production system. Under this presupposition it was expected that concurrent phonological encoding (in rhyming decisions) would increase the stuttering rate of persons who stutter more than that of nonstutterers. Similarly, it was assumed that concurrent semantic coding (in category decisions) would interfere with the sentence-planning activities of persons who stutter more than with those of persons who do not stutter. Therefore it was expected that under category decisions persons who stutter would produce their sentences with a higher disfluency rate than persons who do not stutter.
Method Subjects
Nineteen adults who stutter and 22 who do not stutter participated in the investigation. All participants were native speakers of German. The participants were recruited via newspaper advertising, flyers, posters on the university campus, and from self-help groups. The two groups of participants were matched for age, education, sex, and scores on a written version of a subtest in the Hamburg-Wechsler intelligence test (HAWIE-R; Tewes, 1991) for adults (repeating numbers forward and backwards) and on a vocabulary test (Schmidt & Metzler, 1992) . After matching, 10 men and 4 women who stutter and 13 men and 3 women who do not stutter (see Table  1 ) remained in the stuttering and nonstuttering groups, respectively. Analyses of variance did not show significant group differences in memory (digits forwards performance: F[1, 24] = 0.03, p < 0.85; digits backwards performance: F[1, 24] = 0.11, p < 0.75) and vocabulary (WST) tests [F(1, 24) = 1.28, p < 0.27]. There was no indication that any of the persons who did not stutter had a history of disturbances of speech, and none had ever received speech therapy. None of the persons who stutter had received treatment in the year before participating in the experiment. Percentage of words stuttered was determined based on oral reading of a 200-word newspaper article. The three persons with higher than average stuttering rates (8.4%) stuttered on 48% (96 words), 27% (53 words), and 9% (18 words) of the 200 words. Stuttering was defined as prolongation and repetition of sounds, syllables, and single-syllable words and auditorily identifiable indications of tension. Further, the two groups of participants were matched for educational level so that 5 of the stuttering and 5 of the nonstuttering persons had between 8 and 10 years of schooling (Hauptschule or Sekundarstufe 1 [intermediate secondary school or basic high school]), whereas 9 of the stuttering and 11 of the nonstuttering persons had 13 years of schooling (university entrance qualification) or a university education. The two groups of participants were comparable with respect to education level [χ 
Apparatus
A Sony TCD-D3 DAT-recorder with a Sony ECM-S220 microphone was used to record the stuttering screening. During the experiment the speech productions were recorded using a Shure SM microphone on one channel of a Computerized Speech Lab (CSL 4300 B, Kay Elemetrics). The stimuli were presented on the plasma-screen of a laptop Toshiba T 3100 SX computer. 
Materials
For the sentence-generation task, three lists of four noun pairs (Sg-lists) were constructed (see Appendix A). Each noun pair was used in one sentence-production trial. One Sg-list was used for single task, one for rhyme, and one for category. To balance differences between lists over speaking conditions, each list was used for different conditions in different subgroups of participants. To further minimize potential list effects, the noun pairs of different lists were made categorically comparable. Every noun referred to one of the following categories: animal, room, object, material. Within each list the nouns were pairwise combined so that animal-room, objectmaterial, room-object, material-animal pairs occurred at corresponding list positions. Every participant received one of the lists for sentence production as a single task, another for sentence production under category task, and the third for sentence production under rhyme decisions.
For the rhyming task four lists of 11 nouns were constructed (Rh-lists). Within each Rh-list half of the nouns rhymed with the preceding noun, and half of them did not. Similarly, four lists of 11 nouns were constructed for the category decision task (Ca-lists). Within each Calist half of the nouns belonged to the same semantic category as the preceding noun, and half of them did not. For each task, an additional Sg-, Rh-, and Ca-list was used for training. Within each Rh-and Ca-list, the order of correct yes-no decisions was random.
All words used in any of the lists were nouns commonly used in everyday language. They were first selected according to the criteria mentioned above and then their frequencies were checked in the COSMAS I (2001) newspaper corpus of 52,967,000 word forms. A frequency index for each stimulus word was determined by calculating the logarithm of the frequency ratio between the most frequent word in the German language (der [the]) and every stimulus word. The average frequency indices of the nouns in the Sg-, Rh-, and Ca-lists were comparable (Sg: M = 3.555, range = 2.388 to 5.050; Rh: M = 3.745, range = 1.951 to 5.152; Ca: M = 3.698, range = 2.531 to 5.647). Because all average frequency indices and frequency ranges were comparable no further frequency-based selection criteria were applied.
Procedure
Every participant was asked to fill out a questionnaire with basic personal background information. Subsequently, the memory and vocabulary tests were administered and the stuttering rate was determined.
1 During the experiment, the participants sat in front of a computer screen on which the stimulus words were presented. The three speaking conditions (i.e., sentence generation as single-task, sentence generation with rhyme, and sentence generation with category decisions) were performed by all participants in a repeated-measurement design. Each participant generated 4 sentences under single-task and 4 under dual-task conditions (i.e., concurrently with rhyme and with category decisions) respectively. In each of the three speaking conditions the experiment consisted of four trials, preceded by three training trials. To compensate for possible practice effects the order of the three tasks was counterbalanced in a latin square.
In each speaking condition, stimuli were presented at fixed time intervals independently of subjects' responses. In single-task trials, the noun pair for sentence generation was presented 2500 ms after the start of the trial for a duration of 2500 ms. The two words of the noun pair were presented side by side on the lower half of the screen. The participants were instructed to generate a sentence as fast as possible upon presentation of the noun pair and with the two nouns in the same order as presented and not to change the words nor use them as composites. Ten seconds after the beginning of a trial (or 7.5 s after the beginning of the presentation of the noun pair) the end of a trial was signaled by an acoustic stop signal. Participants were allowed to finish their sentence after the stop signal. The experimenter started the next trial when the participant was ready to continue.
Every secondary-task (rhyming or category) trial started with the presentation of the first secondarytask word for either the rhyme (Rh-list) or the categorydecision (Ca-list) task, respectively. The secondary-task stimuli were presented in the middle of the upper half of the screen for a duration of 2500 ms each. After 2500 ms, the first stimulus word was erased and the second word appeared at the same place on the screen. After the presentation of the second, and each following secondarytask word, the participants indicated their decisions whether or not the last word presented rhymed or belonged to the same semantic category as the previous word stimulus. They did so by pressing the Yes-button with the right hand or the No-button with the left hand. Examples of the three training trials were used to make sure that the subjects understood the meaning of a rhyming or semantic relationship between the words. In order to make the responses to the Yes/No decisions motorically and cognitively as easy as possible they were assigned to different hands. Because under both secondary-task conditions half of the decisions required Yes and half required No reactions, potential differences between the two reactions or hands cannot account for the differences between conditions. Within each secondary-task trial 11 nouns were successively presented.
In dual-task trials, simultaneously with the fourth word of the rhyme or category list (i.e., 7500 ms after the beginning of the trial), a noun pair for sentence generation was presented in the lower half of the screen. Participants were instructed to perform the sentencegeneration task concurrently with the rhyme-or category-decision task, to create and utter the sentence as quickly as possible and at the same time perform the secondary task. Instructions for sentence generation under dual-task conditions were otherwise identical to those for single-task conditions. Thus, within a dualtask trial the first three rhyme and category decisions were performed without concurrent activities. Only when the two words for sentence production were presented, together with the fourth word of the secondary task, did participants make decisions while concurrently planning and producing the sentence. Thirty seconds after the beginning of the trial under dual-task conditions the end of the trial was acoustically signaled.
Data Analysis
All oral productions during the experiment were transcribed. The transcripts were used to determine the number of syllables spoken and the number of propositions (see Appendix B) in the sentences. Disfluency and stuttering events were scored by the second author by listening several times to the speech channel with CSL and CSRE.
Statistical Analyses
The variables of the sentence production and the decision tasks significantly deviated from a normal distribution and had heterogeneous variances. The Kruskal-Wallis analysis of variance by ranks with alignment for means was chosen as a nonparametric test of the main effects and interactions (Bortz, Lienert, & Boehnke, 1990 ; see also Marascuilo & McSweeney, 1977) . Because all measurements were at least on interval level, data were aligned for means. The variables of the sentence-generation task were analyzed in a two-factorial design with group (nonstuttering and stuttering participants) and speaking condition (sentence generation as single task, under rhyme and category decisions). The main effect of speaking condition was tested for significance after data alignment for the group effect and for the interaction between group and speaking condition.
Similarly, the interaction between group and speaking condition was tested after alignment for group and speaking-condition effects.
The dependent variables of the secondary task were analyzed in a three-factorial design with group, speaking condition, and block as the three factors. For the block factor the scores of two adjacent rhyme or category decisions were averaged. This yields a total of five blocks. The first block of decisions was performed before the noun pairs for the sentence-generation task were presented. The following decisions were made while the noun pair for the sentence-generation task was presented and the participants began to generate and produce the sentences. For the majority of trials participants had completed the sentence before the third block of decisions.
The criterion of statistical significance for main effects and interactions was set at α = .05. For significant group-with-speaking-condition interactions, the simple effects of speaking condition were tested with a nonparametric Friedman test (Bortz et al., 1990) for each group separately. The Bonferroni-corrected criterion of significance for these tests was set at α * = α/2 = .025. When the main effect or any of the simple effects for speaking condition was significant, two orthogonal comparisons were made with a nonparametric Wilcoxon signed-rank test. In accordance with the theoretical expectations described in the introduction, the single-task performance was compared with the average of the two dual-task performances, and the performances under rhyme and category conditions were compared. The Bonferroni-corrected criterion of significance for these two statistical comparisons was set at α * = α/2 = .025.
Nonparametric measures D of the effect size of the orthogonal contrasts were calculated (Kraemer & Andrews, 1982; see also Hedges & Olkin, 1984) . D can be seen as a nonparametric equivalent of Cohen's parametric effect size statistic d. Differences between the effect sizes calculated for each group were used to describe the size of the between-group difference in this contrast (Kraemer & Andrews, 1982, p. 409) .
Selection of Data
Trials with valid sentences were selected for the statistical analysis, and scores were averaged for every participant and speaking condition. A sentence was scored as correct if it was a complete sentence with at least one finite verb, contained both nouns in the prescribed order, and was completed before the end of the trial. Sentences not referring to the real world for which some imaginative context could be found, and which were otherwise correct, were included (e.g., "Wool comes from the caterpillar").
Dependent Variables for Rhyme and Category Decisions

Number of Correct Rhyme and Category Decisions
In both decision tasks, only correct button presses that were recorded during the presentation of a given stimulus were counted. For every participant the number of correct responses per block in the rhyming and the category decision was averaged over trials.
Latencies of Rhyme and Category Decisions
The time interval between the presentation of a stimulus word and the subjects' pressing of the Yes/No button was measured in milliseconds for each stimulus word and averaged over blocks and the four trials of a task. Only latencies of correct responses were analyzed, which limits them to the stimulus interval of 2500 ms and kept all values within 2.58 SD (corresponding to 99% of the normal distribution).
Dependent Variables for Sentence Production
Number of Correct Sentences
The total number of correct sentences was determined for each participant and each task and summed over the trials of a task. (See details in selection of data section.)
Sentence Latency
The time interval between the beginning of the trial and the onset of the first syllable of the first word of the intended sentence was measured in milliseconds and averaged over the trials of a task. When the first word of the sentence was produced disfluently or stuttered these events were not included in the latency interval. Comments or filled pauses, however, were included in the latency period. That is, the first linguistic sound belonging to the sentence was counted as the beginning of the sentence.
Number of Syllables
The length of a sentence was defined as the number of its syllables. The syllables of the intended sentence were counted, excluding stuttered syllables and disfluencies (see definitions below).
Number of Propositions
The number of propositions expressed in a sentence was determined and averaged over the valid sentences of each condition. The coding rules proposed by Johnston and Kamhi (1984) were made applicable to sentences of adult speakers (see Appendix B for further details).
Disfluencies
All occurrences of silent pauses, fillers, filler words, revisions, repetitions of phrases, syllable lengthening without indication of tension, and comments within the sentence were counted as disfluency. For every valid sentence for each participant the number of disfluencies was determined and averaged over the trials of a task. The percentage of disfluencies was determined on the basis of the average number of disfluencies and the average number of syllables per sentence.
Syllables Stuttered
All repetitions and substitutions of sounds, syllables, and words, 2 together with lengthening of vowels and consonants, and all audible indications of tension (intensity and duration) were counted as stuttering. For every participant and sentence the total number of syllables stuttered was determined. The percentage of syllables stuttered was determined on the basis of the average number of syllables stuttered and the average number of syllables per sentence.
Speech Rate
Speech rate was defined as the number of syllables produced per second. For this measure all disfluently produced syllables were included. For every valid sentence, speech rate was averaged over the trials of a task for each participant.
Reliability
All ratings were determined by the second author. Interrater agreement between the independent ratings of the second and first author were determined for the dependent variables number of correct sentences, disfluencies, and syllables stuttered. Interrater reliabilities were based on ratings for 120 sentences, half of which were produced by persons who stutter and the other half by persons who do not stutter (corresponding to 33% of total number of sentences). Interrater agreement for number of correct sentences was 92% (N = 120), the corresponding within-rater agreement was 96% (N = 359). For disfluencies, interrater agreement was 77% (N = 120), within-rater agreement was 79% (N = 359). For syllables stuttered interrater agreement was 90% (N = 120), within-rater agreement was 87% (N = 359). To improve the actual objectivity of the disfluency and stuttering ratings all problematic scorings were consensually decided upon in discussions between the first and second author.
To determine the reliability of the number of propositions, a student was trained with sentences from a different experiment to correctly apply the rating criteria. After the training the student independently scored the number of propositions for all sentences of the present study. Interrater agreement for the number of propositions was 90% (N = 318). Intrarater reliability was determined for 120 sentences (half from persons who stutter and half from persons who do not stutter) and was 98.3% (N = 120).
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Results
Category and Rhyme Decisions
Number of Correct Decisions
The average numbers of correct category and rhyme decisions were comparable in both groups (H = 3.52, df = 1, ns), and none of the interactions with group were significant (Group × Block Table 2 ). The block effect was also significant (H = 89.52, df = 4, p < .000).
Latency of Decisions
In this analysis of variance the data from one stuttering participant were excluded because in Blocks 2, 3, and 4 this participant did not show any correct decisions and consequently no latency data were available. Four other participants had one missing value each in Block 2, which was replaced by an estimated value calculated using multiple regression (Frane, 1976) . Neither the main effect for Group (H = 2.37, df = 1, ns) nor the interactions with this factor were significant (Group × Speaking Condition: H = 0.02, df = 1, ns; Group × Block: H = 8.66, df = 4, ns; Group × Speaking Condition × Block: H = 4.16, df = 4, ns). Table 3 ). The largest latencies were found in Block 2, and the smallest in Blocks 1 and 5. Response latencies increased in Block 2 about 400 ms and decreased gradually in the following blocks.
Sentence Production
Number of Correct Sentences
Group (H = 0.42, df =1, ns) and the interaction Group × Speaking Condition (H = 3.62, df = 2, ns) did not, but Speaking Condition (H = 6.84, df = 2, α < .03) did significantly influence the number of correct sentences (see Table 4 ). Both groups produced significantly fewer correct sentences under dual than under single task (z = 2.60, p < .01, D = -0.73).
Sentence Latency
Sentence latencies were not significantly different in the two groups (H = 0.25, df = 1, ns) (see Table 4 ). Speaking Condition significantly influenced sentence latencies (H = 6.28, df = 2, p < .04). Both groups had significantly longer sentence latencies under dual-than under single-task condition (z = -2.59, p < .01, D = 0.26) and under category than under rhyme condition (z = -2.32, p < .02, D = 0.08). The interaction between Group and Speaking Condition did not significantly influence sentence production latencies.
Number of Syllables
The two groups of participants did not produce sentences that significantly differed in syllable numbers (H = 0.42, df = 1, ns), but number of syllables was systematically influenced by Speaking Condition (H = 8.00, df = 2, p < .02). The interaction between Group and Speaking Condition was not significant (H = 5.00, df = 2, ns). Orthogonal contrasts between single and dual tasks and between Rhyme and Category condition were not significant (z = 1.30, ns, D = -0.17; z = 1.66, ns, D = -0.62). Because the overall effect of Speaking Condition was significant, but none of its orthogonal comparisons were, the present data do not allow a clear conclusion about the effects of Speaking Condition on sentence length in terms of number of syllables.
Number of Propositions
The factor Group had no significant effect (H = 0.42, df = 1, ns) but Speaking Condition (H = 25.03, df = 2, p < .000) and the interaction Group × Speaking Condition (H = 7.73, df = 2, p < .02) did. Under single-task conditions the sentences of both groups had a comparable number of propositions. But under dual-task conditions persons who stutter produced sentences with a smaller number of propositions than persons who do not stutter (see Table 4 ). Simple main effects of Speaking Condition within each group were significant (persons who do not stutter: χ 2 [2] = 8.04, p < .025; persons who stutter: χ 2 [2] = 11.48, p < .01). For persons who stutter the contrast between single-and dual-task was significant (z = 2.58, p < .01, D = -1.07), whereas the contrast between rhyme and category fell just short of the Bonferroni-corrected criterion of significance (z = 1.98, p < .048, D = -0.56). For persons who do not stutter the contrast between dual-and single-task conditions was not significant (z = 0.81, ns, D = -0.32), but the contrast between Category and Rhyme conditions was (z = 2.35, p < .02, D = -0.67). Because the experimental conditions were balanced only over groups, the present experiment was primarily designed to investigate differences between conditions and their interaction with Group. On this basis it seems even more remarkable that only 1 of the 14 stuttering participants produced sentences for which the average number of propositions was higher under dual-than under single-task conditions, whereas 6 of the 16 nonstuttering participants showed performance differences in this direction. Only 7 of the 14 stuttering participants produced a higher number of propositions under Category than under Rhyme condition, whereas 11 of the 16 nonstuttering participants showed performance differences in this direction.
Persons who do
Disfluencies
The percentage of disfluencies was not significantly influenced by Group (H = 3.82, df = 1, ns) and Speaking Condition (H = 1.26, df = 2, ns), but it was influenced by the interaction Group × Speaking Condition (H = 12.69, df = 2, p < .025). Simple main effects of Speaking Condition within each group failed the Bonferroni-corrected criterion of significance in both groups (persons who do not stutter: χ 2 [2] = 1.37, ns; persons who stutter: χ 2 [2]) = 6.50, p < .04). Effect size estimates for single-dual (persons who do not stutter: D = -0.32; persons who stutter: Category relative to Rhyme conditions (2 persons showed negative and 10 positive differences), whereas persons who do not stutter show the opposite pattern of differences (8 persons showed negative and 5 positive differences). The statistical reliability, however, of these differences remains questionable (also see Table 4 ).
Syllables Stuttered
The percentage of syllables stuttered in the sentence was significantly higher for persons who stutter than for the group of nonstuttering persons (about 7% vs. 1%) (H =12.75, df = 1, p < .001). Speaking Condition (H = 4.18, df = 2, ns) and the interaction between Speaking Condition and Group (H = 5.49, df = 2, ns) did not significantly influence the percentages of syllables stuttered.
Speech Rate
Speech rate in persons who do not stutter was found to be significantly higher than that of persons who stutter (H = 12.75, df =1, p < .001). Speaking Condition (H = 5.11, df = 2, ns) and the interaction Group x Speaking Condition were not significant (H = 0.48, df = 2, ns).
Discussion
In dual-task experiments, performance differences in one task are interpreted in terms of performance differences in the second task. We, thus, begin with discussing the results of the secondary task. Both subject groups significantly decreased the number of correct category and rhyme decisions when performing them concurrently with a sentence-generation task (i.e., in Block 2). Similarly, for both groups the latency of correct decisions was increased during Blocks 2 and 3.
The findings observed during the secondary-task performance suggest that rhyme and category decisions are both attention-demanding processes that, together with sentence generation and production, draw on a central executive system of limited capacity as conceptualized by Baddeley (1996 Baddeley ( , 1997 ). An alternative interpretation may be that the observed interference between both tasks is perceptually mediated because the words for both the decision and the sentence-generation tasks were presented visually. This interpretation, however, seems unlikely because all words were presented for 2.5 s, and the longest average decision latency was less than 1.4 s (cf. Table 3 ). This leaves an average presentation time of more than 1 s to read the noun-pair for the sentence-generation task. Rayner and Pollatsek (1989) estimated that the identification time for words is about 200 ms. It thus seems highly likely that the participants of the present experiment had enough time to identify the noun-pairs for sentence generation in addition to the word for the decision task, supporting the interpretation that the performance decrements under dual-task condition indicate that the two tasks draw on overlapping processing resources.
The most important result of the present study was that the number of propositions was significantly influenced by the interaction of the group factor with the speaking condition. The two groups of participants were carefully matched with respect to their personal characteristics, and they were also comparable with respect to their secondary-task performance in Block 1 (i.e., before they started to create and utter sentences). Therefore, the group differences observed in the number of propositions can be interpreted as indicating differences in the use of processing resources under dual-as compared with single-task conditions, rather than as general differences in overall processing capacity. The effect size of the single-dual contrast was smaller for nonstutterering than for stuttering persons (-0.32 vs. -1.07). The net effect size of the between-group difference was D net = 0.75, which indicates that the size of this contrast was more pronounced in the group of stuttering than of nonstuttering speakers. The effect sizes of the rhyme-category contrasts were comparable in both groups (-0.67 vs. -0.56). Thus, the significant effect of the group-by-speaking-condition interaction on the number of propositions was largely due to the fact that the single-versus the dual-task contrast was more pronounced in the stuttering than in the nonstuttering persons. These results indicate that for stuttering as compared with nonstuttering persons sentence generation and production are to a greater extent under the control of the central executive system. In this view stuttering persons reduce the number of propositions under dualtask conditions and thereby also reduce the overload of the executive system. However, in addition to the central executive system other more language-specific subsystems should be taken into consideration. The number of propositions in the sentences of the nonstuttering persons was significantly influenced by rhyme and category decisions. Although category decision latencies were even longer than rhyme latencies (see Table 3 ), both groups showed a similar tendency to generate sentences with more propositions when generating sentences concurrently with category-than with rhyme-decision tasks. Although for stuttering persons the difference between the rhyme and category tasks was statistically not significant (p = .048), the effect size was only slightly smaller than that of the nonstuttering persons (-0.67 vs. -0.56). We were not able to identify a statistical procedure for calculating the statistical power of these nonparametric tests. However, because our sample sizes were smaller than 20 and because the effect sizes of the rhyme-category contrast were comparable in the two groups, it seems safe to state that there is a relatively high risk of erroneously accepting the null hypothesis for the stuttering group. On the basis of the present results a final decision whether the rhyme and category tasks differentially influence the number of propositions in the sentences of persons who stutter must be left open. In any case the present results underline the fact that processes in language-specific subsystems must be taken into account and that secondary task effects can be explained only incompletely with reference to processes in the central executive system.
An alternative way of interpreting these results is based on the modularity concept as proposed by Fodor (1983) . In this view, the difference between the two groups can be thought of as resulting from a speech generation or production system that differs in its degree of "modularization." Persons who stutter could be thought of as having a speech-production system that is organized in a less modular way, thereby making the system more vulnerable to interferences from concurrent activities.
Contrary to our original expectations, stuttering rates were not significantly affected by the speaking conditions (dual vs. single and rhyme vs. category) and their interactions with group. On average, persons who stutter showed a higher stuttering rate in sentences with more than one proposition than in one-proposition sentences (0.95 vs. 0.53). Persons who do not stutter did not show comparable differences in stuttering rate as a function of the number of propositions (0.05 vs. 0.07). These observations indicate that persons who stutter can reduce their stuttering rates by reducing the amount of semantic planning and creating sentences consisting of only one proposition. One interpretation of these results is that the stuttering rate of persons who stutter only increases as a result of concurrent cognitive processes when the communicative situation does not allow a reduction in the amount of speech-related planning. On the basis of the present results alone this interpretation may appear somewhat speculative, but it can account for the observation that concurrent attention-demanding processes increase stuttering rate in a word-repetition paradigm (Bosshardt, 1999) but not in the present sentence-production paradigm, where processing load can be reduced by reducing the amount of linguistic planning so that a low stuttering rate can be maintained.
Normal disfluencies were significantly influenced by the interaction between group and speaking condition. This interaction is largely due to the fact that persons who do not stutter have a lower disfluency rate under the category than the rhyme condition, whereas persons who stutter have a comparably higher disfluency rate (see Table 4 ). Although the difference between the disfluency rates in rhyme and category conditions was not significant within each group, the effect sizes of the two groups differed in opposite directions. However, no significant simple effects of Speaking Condition were found within the two groups. Given the relatively low reliability of this measure and the inconsistent statistical inferences no theoretical interpretation for these results can be offered.
Conclusion
The present results suggest that sentence planning and production impose a comparatively higher processing load on persons who stutter than on persons who do not stutter. This seems to be largely due to the fact that in stuttering speakers both phonological and semantic subprocesses involved in sentence planning and production draw on a limited-capacity central processing system. Persons who do not stutter were observed to perform semantic processing in a manner that depends less on central processing capacity.
The results of the present experiment do not support the assumption that persons who stutter have specific difficulties in phonological coding (see Postma & Kolk, 1993 . It was found that the sentences that the two groups produced concurrently with rhyme decisions were comparable. Because these results were obtained with adults it cannot be excluded that difficulties in phonological encoding may play a role in earlier stages of language development. The present results, however, are compatible with the general framework developed by Perkins et al. (1991) . According to them, processing difficulties arising from any part of the speech-production system can induce stuttering and disfluencies. The present results, however, are more specific. They show that stuttering and nonstuttering adults differ in lexical-semantic processing demands and suggest that the amount of semantic planning can be related to stuttering rate.
The present results are based on an experimental procedure in which the secondary task was equally present during sentence planning and articulation. It seems to be important to also investigate interference effects that may specifically affect either planning or articulation. Based on the present data it can only be assumed that the two groups differ in either one or both phases of speech production.
